In a recent paper [1] Shaviv and Dar (SD) have shown that highly relativistic ejecta of high Z material from merger [2] or accretion induced collapse (AIC) of neutron stars (NS) can boost and beam star-light in dense stellar regions into cosmological gamma ray bursts (GRBs) whose predicted properties reproduce remarkably well the observed properties of GRBs [3] . Generally, only a small fraction of the relativistic kinetic energy of the ejecta is converted into gamma rays and most of it is injected into the interstellar medium as a very powerful cosmic ray burst (CRB). Here we show that such CRBs can extinct life on Earthlike planets if they are closer than ∼ 1 kpc from the merger/explosion. Such CRBs produce lethal fluxes of atmospheric muons at ground, underground and underwater. They also destroy the ozone layer, radioactivate the atmosphere and the surface of the planet and induce large climatic changes. They are enormously more violent than the GRBs alone [4] or supernova explosions [5] . In Milky-Way (MW) like galaxies they destroy life on Earth-like planets, on average, every 10 8 years. The Permo-Triassic grand extinction terminating the Earth's Paleozoic era 250 million years ago and the extinction of the Dinosaurs terminating the Earth's Mesozoic era 64 million years ago [6] could have been caused by such CRBs. Although more distant mergers are not as devastating they may affect life significantly at a higher rate.
surroundings. In view of the uncertainties in modeling NS-NS mergers and gravitational collapse of compact stellar objects (e.g., Type II supernova explosions) we prefer to infer the total relativistic kinetic energy which is released as CRB in NS merger/AIC, directly from observations of GRBs and of type II supernova explosions (SNeII), rather than to extract it from numerical simulations [15] : In SNeII, typically, 10M ⊙ are accelerated to a final velocity of v ∼ 10 4 km s −1 [14] , i.e., to a total final momentum P ∼ 10M ⊙ v. Since core collapse is not affected directly by the stellar envelope, we assume that a similar impulse, F dt ≈ P , is imparted to the ejected mass in merger/AIC collapse of NS. If the ejected mass is much smaller than a solar mass, ∆M ≪ M ⊙ , it is accelerated to a highly relativistic velocity. Its kinetic energy then is, E K ∼ P c ∼ 6 × 10 53 erg. The crust of neutron stars consists of iron-like nuclei. Thus, we assume that the ejecta consists of iron like nuclei. Even if the ejecta is a neutron star matter, upon expansion it will react/decay/transform fastly into the most bound, iron-like nuclei [16] . Therefore, we conclude that NS-NS mergers inject into interstellar medium bursts of highly relativistic high Z cosmic rays with approximately 6 × 10 53 ergs.
Indirect support for the production of CRBs by NS-NS mergers comes from observation: First, SD have shown [1] that such CRBs in dense stellar regions produce cosmological GRBs (by boosting and beaming star-light towards the observer) whose predicted properties reproduce remarkably well the observed properties of GRBs; their burst size, bimodal duration distribution, complex light curves and spectral evolution. Second, the rate of GRBs is consistent with the estimated rate of NS-NS mergers in the Universe [17] . Third, the estimated cosmic ray injection rate of NS-NS mergers happens to coincide with that required to maintain a constant cosmic ray flux in the MW:
If we assume that the NS-NS merger rate in galaxies is proportional to their luminosities (∝ number of stars), then, neglecting evolution and redshift effects, we obtain that the NS-NS merger rate within a Hubble radius in an Euclidean Universe, is
where V H = (4π/3)(c/H) 3 is the volume of the Universe within a Hubble distance, H = 100h km s −1 Mpc −1 is the Hubble constant, Φ ≈ 1.83 ± 0.35 × 10 8 hL ⊙ Mpc −3 is the measured [18] luminosity density in the Universe and L M W ≈ 2.3 ± 0.6 × 10 10 L ⊙ is the measured luminosity of the MW [19] . Only a fraction of NS mergers occur in dense stellar regions and produce GRBs which are beamed towards Earth. Thus, the association of GRBs with neutron star mergers in dense stellar regions, is consistent with the estimated NS-NS merger rate in the Universe being, approximately, one order of magnitude larger than the observed rate of GRBs [3] (approximately 2 per day with the current sensitivity of GRB detectors aboard satellites). The escape rate of cosmic rays from the MW requires an average injection rate of ∼ Q CR ∼ 5 × 10 40 erg s −1 , in high energy cosmic rays above GeV, in order to maintain a constant energy density of cosmic rays in the MW [20] (we used a total mass of gas ∼ 4.8 × 10 9 M ⊙ in the MW disc deduced from cosmic ray production of galactic γ rays). This injection rate is consistent with that due to NS-NS mergers in the disc of the MW,
The typical burst size and duration of GRBs imply that the energy release by NS-NS merger in cosmic rays, in the direction of the observer, is typically E K /4π ∼ 5×10 52 erg sr −1 and Γ = E/mc 2 ∼ 1000. Such CRBs can not be attenuated significantly by the column densities of radiation and gas in the galactic disk. This is unlike the non relativistic (β ∼ 10 −2 ) ejecta in SNeII, which is attenuated by the interstellar gas over a distance of a few pc: Moderately energetic charged particles, other than electrons, lose energy in interstellar gas primarily by ionization. The mean rate of energy loss (or stopping power) is given by the Bethe-Bloch formula
where Ze is the charge of the energetic particle of mass M i , velocity βc and total energy E = γM i c 2 , n e is the number of electrons per unit volume in the medium in atoms with ionization potential I, and T max = 2m e c 2 β 2 γ 2 /(1 + 2γm e /M i ). Hence, for SNeII ejecta with Z ∼ 1 and β = v/c ∼ 10 −2 in an interstellar medium with a typical density of n H ∼ 1 cm −3 the stopping distance of the ejecta due to Coulomb interactions is
If SNeII ionizes the interstellar gas around it, then I has to be replaced by e 2 /R D where R D = (kT /4πe 2 n e (Z + 1)) 1/2 is the Debye screening length. Thus for an ionized interstellar gas with kT ∼ 1 eV the range is x ∼ E/(dE/dx) ∼ 0.1 − 10 pc if v ∼ 3000 − 10000 km s −1 , respectively. On the other hand, the stopping power of the interstellar medium for highly relativistic iron-like nuclei is due primarily to nuclear collisions and not due to ionization and radiative energy losses. The range of iron-like nuclei with Γ ∼ 1000 in hydrogen is approximately ∼ 10 24 cm in a typical interstellar density of n H ∼ 1 cm −3 , while their range due only to ionization energy loss is ∼ 10 28 cm in a typical interstellar density of n H ∼ 1 cm −3 ). Although the galactic magnetic field, H ∼ 3−5 ×10 −6 Gauss, results in a Larmor radius of r L = βΓmc 2 /qH ∼ 10 15 cm for protons with Γ = 1000, it cannot deflect and disperse the CRB particles from a NS-NS merger at distance smaller than ∼ 1 kpc from the explosion: The CRB remains partially ionized due to photoionization by star-light which is blue shifted to keV energy in the CRB rest frame. Since its energy density is so high, it sweeps up the local galactic magnetic field and carries it up to a distance D ∼ (6E K /H 2 ) 1/3 ∼ 2 kpc where its energy is comparable to that of the swept up magnetic field. (The energy densities of the galactic cosmic rays and magnetic field in the galactic disc are ǫ G CR ∼ ǫ G H ∼ 10 −12 erg cm −3 , respectively). Thus, the CRB expands ballistically up to a distance D ∼ 1 kpc. At such a distance its passing time is
for typical values of Γ between 1000 and 100, respectively. The time integrated energy flux of these cosmic rays at D ∼ 1 kpc is, typically, 3 × 10 12 GeV cm −2 . Thus, their energy deposition in the atmosphere is equivalent to the total energy deposition of galactic cosmic rays in the atmosphere over ∼ 10 5 yr. However, their typical energy is ∼ 1 T eV per nucleon, compared with ∼ 1 GeV per nucleon for ordinary cosmic ray nuclei. Like ordinary cosmic ray nuclei, their collisions in the atmosphere generate atmospheric cascades. Through leptonic decay modes of the produced mesons, a significant fraction of the initial cosmic ray energy is converted into "atmospheric muons". The average number of high energy muons produced by nucleons of primary energy E p , which do not decay in the atmosphere and reach sea level with energy > E µ at zenith angle θ < π/2, are given approximately by [21] 
Thus a CRB with energy of about 1 T eV per nucleon at a distance of 1 kpc produces a muon flux of
at sea level. Such muons deposit in matter about −dE/dx ≥ 2 MeV g −1 cm −1 due to ionization losses [21] . The whole-body lethal dose from penetrating ionizing radiation resulting in 50% mortality of human beings in 30 days [22] is ≤ 3Gy ∼ 2 × 10 10 /(dE/dx) ∼ 10 10 cm −2 . The lethal dosages for other vertebrates can be a few times larger while for insects it can be as much as a factor 20 larger. Hence, a CRB at D ∼ 1 kpc which has not been significantly dispersed by the galactic magnetic field produces a highly lethal burst of atmospheric muons. Because of their large penetration and their large flux, the burst is lethal for most species even deep (tens of meters) underwater and underground, if they arrive from well above the horizon. Their large flux and penetration perhaps can explain the massive extinction of the species in the oceans in the Permo-Triassic extinction 250 millions years ago, which was not accompanied by surface enrichment of Iridium [6] , generally attributed to massive meteoritic impact [23] and/or massive volcanic eruption [24] . Although half of the planet is in the shade of the CRB, planet rotation exposes a larger fraction of the planet surface to the CRB. Mountain shadowing may provide a partial shelter against a complete extinction on land and may explain why not all the vertebrate families on land were killed while most of the species in nearby sea waters were extinct [6] . The effects of the muon bursts depend on on the size and duration of the CRB, on its direction relative to the rotation axis of Earth (Earth shadowing), on the local sheltering provided by terrain (shadowing) or by being underwater or underground, as well as on the the vulnerability of the various living species and vegetation to ionizing radiation. Additional effects can increase the lethality of the CRB over the whole planet. They include:
(a) The pollution of the whole atmosphere by radioactive nuclei, produced by spallation of atmospheric and surface nuclei by shower particles. Using the analytical methods of ref. 25 , we estimate that for an Earth-like atmosphere, the flux of energetic nucleons which reaches the surface is also considerable,
Global winds then will spread radioactive gases in a short time over the whole planet.
(b) Depletion of stratospheric ozone by the reaction of ozone with nitric oxide, generated by the cosmic ray produced electrons in the atmosphere (massive destruction of stratospheric ozone has been observed during large solar flares which produced energetic protons [26] ).
(c) Extensive damage to the food chain by massive extinction of vegetation by ionizing radiations (the lethal radiation dosages for trees and plants are slightly higher than those of animals).
Assuming that the spatial distribution of NS binaries in the MW follow the distribution of single pulsars [13] ,
with a disc scale length, R 0 ∼ 4.8 kpc, and a scale height, h > 0.5 kpc perpendicular to the disc and independent of disc position, we find that the average rate of NS-NS mergers within ∼ 1 kpc from planet Earth is ∼ 1 × 10 −8 yr −1 . It is consistent with the times of the extinctions that ended the Paleozoic and Mesozoic eras ∼ 250 millions and ∼ 64 million years ago. The relative strengths of these extinctions may reflect mainly different distances from the CRBs. Beyond ∼ 1 kpc from the explosion the galactic magnetic field begins to disperse the CRB and suppress its lethality. CRBs beyond 1 kpc, but not too far, can still cause partial extinctions at a larger rate. Obviously, more elaborate investigations of the environmental effects of CRBs from relatively nearby NS-NS mergers are needed before reaching a firm conclusion whether the mass extinctions at the end of the Paleozoic and Mesozoic periods were caused indeed by NS-NS mergers. The strongest evidence for the mass extinction mechanism proposed in this letter will be provided by establishing that the extinction patterns reflect the vulnerability of different species to the ionizing radiation and by detecting isotopic anomalies which were induced by the intensive short irradiations of the surfaces of the Earth and the moon at the times of the mass extinctions.
